Systems (PPMIS) have embarked from single-user, single-project management systems to web-based, collaborative, multi-project, multi-functional information systems which offer organization-wide management support. The variety of offered functionalities along with the variation among each organization needs and the plethora of PPMIS available in the market, make the selection of a proper PPMIS a difficult, multi-criteria decision problem. The problem complexity is further augmented since the multi stakeholders involved cannot often rate precisely their preferences and the performance of candidate PPMIS on them. To meet these challenges, this paper presents a PPMIS selection/evaluation approach that combines TOPSIS (Technique for Order Preference by Similarity to Ideal Solution) with intuitionistic fuzzy group decision making. The approach considers the vagueness of evaluators" assessments when comparing PPMIS and the uncertainty of users to judge their needs.
Introduction
Research studies [1] present that increasing organizational requirements for the management of the entire life-cycle of complex projects, programs and portfolios motivate the further exploitation of Project and Portfolio Management Information System (PPMIS) from enterprises of any type and size. PPMIS have embarked from stand-alone, single-user, single-project management systems to multi-user, multifunctional, collaborative, web-based and enterprise-wide software tools which offer integrated project, program and portfolio management solutions, not limited to scope, budget and time management/control. Modern PPMIS support, through a range of features, processes in all knowledge areas of the "Project Management Body of Knowledge" [2] , by covering an expansive view of the "integration management" area that includes alignment and control of multi-project programs and portfolios. The market of PPMIS is rapidly growing and includes many commercial software products offering a number of functionalities such as time, resource and cost management, reporting features and support for change, risk, communication, contract and stakeholder management. Interested readers are referred to [3] where detailed information is given for 24 commercial leading PPMIS.
This variety of offered functionalities along with the variation among each organization needs and the plethora of PPMIS in the market, make their evaluation a complicate multi-criteria decision problem. The problem is often approached in practice by ad hoc procedures based only on personal preferences of users or any marketing information available [3] , [4] . Such an approach may lead to a final selection that does not reflect the organization needs or, even worse, to an unsuitable PPMIS. Therefore, the use of a robust method from the multi-criteria decision making (MCDM) domain can be useful to support PPMIS selection. Review studies [5] , [6] , [7] reveal that the Analytic Hierarchy Process method (AHP) and its extensions have been widely and successfully used in evaluating several types of software packages (e.g., MRP/ERP systems, simulation software, CAD systems and knowledge management systems).
Although AHP presents wide applicability in evaluating various software products, little work has been done in the field of evaluating PPMIS. For example, in [8] the authors admit that their work is rather indicative with main objective to expose a representative case for illustrating the PPMIS selection process and not to create a definitive set of criteria that should be taken into account in practice. This lack of applicability of AHP in the PPMIS selection problem domain can be attributed to the fact that, despite its advantages, the method main limitation is the large number of pairwise comparisons required. The time needed for comparisons increases geometrically with the increase of criteria and alternatives involved, making AHP application practically prohibitive for complicate decisions, such as the selection of a PPMIS. As a response to this problem, in the recent past [9] , we presented an approach for evaluating alternative PPMIS that combines group-based AHP with a simple scoring model. This group-AHP scoring model, although practical and easy to use, does not consider the vagueness or even the unawareness of users, when they evaluate their preferences from a PPMIS by rating their requirements. Also the approach does not take into account the uncertainty of experts, when they judge the performance of alternative PPMIS on the selected criteria, expressed as user requirements.
These ambiguities in evaluation of software systems and the incomplete available information expose the need to adopt a fuzzy-based approach [10] . Fuzzy-based methods provide the intuitive advantage to utilize, instead of crisp values, linguistic terms to evaluate performance of the alternatives and criteria weights. A fuzzy-based approach can be even more beneficial when it is combined with other decision making techniques. For example, fuzzy AHP [11] is proposed to handle the inherent imprecision in the pairwise comparison process, while fuzzy TOPSIS (Technique for Order Preference by Similarity to Ideal Solution) [12] can be used to jointly consider both positive (benefit/functional oriented) and negative (cost/effort oriented) selection criteria. Fuzzy-based MCDM techniques have been used to select various types of software products (see, for example, [10] , [13] , [14] ), but in the relevant literature there is lack of a structured fuzzy-based approach for the selection of PPMIS under uncertain knowledge.
The main objective of this paper is to present such an approach that involves both users and evaluators (decision makers) in the decision making process and tries to exploit the interest/expertise of each one in order to strengthen the final evaluation results. This is achieved by aggregating all weights of criteria (requirements) and all ratings of performance of the alternative systems, as they are expressed, by individual stakeholders, in linguistic terms. The approach is based on intuitionistic fuzzy sets, an extension of fuzzy sets proposed by Atanassov [15] , which has been applied in a variety of decision making problems [16] , [17] , [18] , [19] , [20] . An intuitionistic fuzzy set includes the membership and the non-membership function of an element to a set as well as a third function that is called the hesitation degree. This third function is useful to express the lack of knowledge and the hesitancy concerning both membership and non-membership of an element to a set. Expression of hesitation is particularly helpful for both decision makers and users when they select a software product for an organization such as, in our case, a PPMIS. On one hand, decision makers often cannot have a full knowledge upon all functionalities included in the newest version of each candidate system. Thus, they base their ratings only on experience from using previous system versions as well by referencing to system assessments which can be found in products survey reports. On the other hand, users are often unfamiliar with how a PPMIS can support project management processes tasks and, therefore, cannot precisely express which tasks require more to be supported by a PPMIS. The presented approach mainly utilized the method proposed in [18] which combines intuitionistic fuzzy sets with TOPSIS for supporting the supplier selection problem. The advantage of this combination in case of PPMIS evaluation is that we can distinguish between benefit criteria (e.g., functionalities/tasks supported by the PPMIS) and cost criteria (e.g., effort for system customisation and price for ownership). The PPMIS that is closest to the positive to ideal solution and most far from the negative ideal solution could be probably the most appropriate PPMIS to cover the organization needs.
The rest of the paper is organized as follows. In section 2, we present the aspects of the PPMIS evaluation problem and we justify how, in our case study, the PPMIS selection criteria were determined. In section 3, we briefly discuss the basic concepts of intuitionistic fuzzy sets. Section 4 presents the detailed description of the approach and Section 5 presents the conclusions and future work.
Evaluation of PPMIS and Selection Criteria
Empirical studies [21] demonstrate that a number of project managers indicate a strong impact of PPMIS upon successful implementation of their projects, while others do not. The PPMIS selection process is usually supported by referencing to market surveys [3] , [4] , [22] or by considering the users" perceptions and satisfaction from a PPMIS usage [23] . Detailed assistance in evaluating PPMIS is provided by evaluation frameworks which propose to consider an extensive list of system characteristics. These characteristics can be either functional or process oriented selection criteria. NASA, for example, in the past has convened a working group to evaluate alternative PPMIS for NASA"s departments, upon a number of functional requirements. In the group"s report [24] thirteen clusters of functional requirements are identified. Each cluster further includes a set of functional features and, in total, 104 functional criteria are identified to be evaluated. This vast number of criteria prevents decision makers from using a typical hierarchical MCDM approach like AHP.
As far as process oriented evaluation is concerned, evaluators may utilize as reference the set of criteria offered by a conceptual software architecture for PPMIS, like, for example, is the M-Model [25] . The M-Model was used in [3] to evaluate commercial PPMIS according to project phases/tasks and corresponding required functionality (Table 1) . Each PPMIS was evaluated according to the extent that it offers the required functionality and the overall support for the corresponding project phase/task was specified with a "4-stars" score. 
Basic Concepts of Intuitionistic Fuzzy Sets
Before proceeding to describe how the PPMIS selection problem was tackled, we briefly introduce some necessary introductory concepts of intuitionistic fuzzy sets (IFS). An IFS A in a finite set X can be defined as [15] :
denote respectively the degree of membership and non-membership of x to A.
is called the hesitation degree of whether x belongs to Α. If the hesitation degree is small then knowledge whether x belongs to Α is more certain, while if it is great then knowledge on that is more uncertain. Thus, an ordinary fuzzy set can be written as:
In the approach we will use linguistic terms to express: i) the importance of decision stakeholders (users/decision makers), ii) judgements of decision makers on the performance of each PPMIS and iii) perceptions of users on the importance of each selection criterion. These linguistic terms can be transformed into intuitionistic fuzzy numbers ( be two IFNs. Then these operators can be defined as follows [15] , [27] , [28] :
Evaluation of PPMIS with Intuitionistic Fuzzy Sets and TOPSIS
In this section we will describe how an intuitionistic fuzzy MCDM method was applied with the overall goal to select the most appropriate PPMIS system for the Hellenic Open University (HOU) (www.eap.gr). HOU is a university that undertakes various types of national and international R&D projects and programs, particularly in the field of lifelong adult education. The university does not maintain an integrated project/portfolio management infrastructure. In order to increase project management effectiveness and productivity, the management of HOU has decided to investigate the adoption of a collaborative PPMIS. The Department of Project Management (DPM) at the Technological Education Institute of Larissa in Greece was appointed to act as an expert and aid this decision making process. Three experts D 1 , D 2 and D 3 (decision makers) from DPM, with an average of seven years teaching/professional experience in using PPMIS, were involved in this process, aiming to identify HOU requirements from a PPMIS and to select an appropriate system that will cover these requirements. Three project officers/managers U 1 , U 2 and U 3 (users) from the HOU site were also involved in the decision making. These persons have high expertise in contract management, multi-project coordination and planning of R&D projects and portfolios, but they present low experience in systematically using PPMIS. It should be mentioned here that the presented approach mainly utilized the method presented in [18] to handle a hypothetical supplier selection problem with five alternative suppliers and four selection criteria. In the current paper we validate the method in an actual context and we show its applicability with an extensive set of selection criteria. In addition, we show how sensitivity analysis can be applied to evaluate the influence of criteria weights on the final selection results.
The application of the approach for selecting an appropriate PPMIS for the case organization has been conducted in eight steps presented as follows.
Step 1: Determine the weight of importance of decision makers and users. In this first step, the expertise of both decision makers and users was analysed by specifying corresponding weights. In a joint meeting, the three decision makers D 1 , D 2 , D 3 agreed to qualify their experience in using PPMIS as "Master", "Proficient" and "Expert", respectively. The three users U 1 , U 2 , U 3 also agreed that their level of expertise in managing large projects can be characterized as "Master", "Proficient" and "Expert", respectively. These linguistic terms were assigned to IFNs by using the relationships presented in Table 2 between values in column 1 and values in column 3. In general, if there are l stakeholders in the decision process, each one with a level of expertise rated equal to the IFN [μ k , v k , π k ], the weight of importance of k stakeholder can be calculated as [18] : According to eq. (1), the weights of decision makers were calculated as follows: λ D1 = 0.406, λ D2 = 0.238, λ D3 = 0.356. Since users were assigned to the same linguistic values, their weights were respectively the same: λ U1 = 0.406, λ U2 = 0.238, λ U3 = 0.356.
Step 2: Determine the level of support provided by each alternative PPMIS. Though there is a large number of available PPMIS, decision makers were queried to express their general opinion on ten commercial PPMIS which in market survey results [4] are characterised as leaders and challengers in this segment of enterprise software market. Five from these systems were excluded for two reasons: because they do not have presence in the national market and because decision makers were persuaded that their usage was inappropriate for the specific case, mainly due to lack of technical support and non-availability of training services. This first-level screening resulted in a list of five powerful PPMIS with strong presence (i.e., technical/training support) in the national market. For confidentiality reasons and aiming at avoiding the promotion of any software package, we will refer to these PPMIS as A 1 , A 2 , A 3 , A 4 and A 5 . In order to evaluate the candidate PPMIS in a manageable and reliable way, decision makers rated the performance of each system with respect to the criteria previously identified. Each decision maker was asked to carefully rate the support provided by each system on each of the 11 criteria (project phases/tasks) presented in Table 1 . In addition to these 11 "positive" (benefit oriented) criteria, two "negative" (cost oriented criteria) was decided to be included in the list. These are the total price for purchasing/ownership (PO) and the effort required to customise/configure the PPMIS (CC). Thus, 13 criteria in total were adopted. All decision makers provided a short written justification for every rating they gave in linguistic terms. For ratings they used the linguistic terms presented in Table 3 . Decision makers were also asked to cross-check their marks, according to the corresponding "4-stars" scores, as they are listed for each tool in [3] . Due to space limits, Table 4 presents ratings given by the three decision makers to the five PPMIS for the first three of the 13 criteria.
Based on these ratings and the weights of decision makers, the aggregated intuitionistic fuzzy decision matrix (AIFDM) was calculated by applying the intuitionistic fuzzy weighted averaging (IFWA) operator [28] . The basic steps of the IFWA operator are that it first weights all given IFNs by a normalized weight vector, and then aggregates these weighted IFNs by addition. Each result derived by using the IFWA operator is an IFN. If A = {A 1 , A 2 , …, A m } is the set of alternatives and X = {X 1 , X 2 , …, X n } is the set of criteria, then AIFDM R is an m x n matrix with elements IFNs in the form of )]
, where i = 1,2,…,m and j = 1,2,…,n. By considering weights λ k (k = 1,2,…,l) of l decision makers, elements r ij of the AIFDM can be calculated using IFWA as follows: An excerpt of the AIFDM for the case problem is shown in Table 5 . The matrix IFNs were calculated by substituting in eq. (2) the weights of the three (l = 3) decision makers (λ D1 = 0.406, λ D2 = 0.238, λ D3 = 0.356) and the IFNs ) , , (
by using the relationships of Table 3 (i.e., these IFNs correspond to ratings given by the k decision maker on each system A i (i =1,2,…,5) with respect to each criterion j (j = 1,2,…,13)). For example, in Table 5 Step 3: Determine the weights of the selection criteria. To analyse users" requirements from a PPMIS we disseminated to the three users/members of HOU a structured questionnaire, asking them to evaluate the 13 selection criteria and express their perceptions on the relative importance of each one criterion with respect to the overall performance and benefits provided from a candidate PPMIS. Each of the 3 users was requested to answer 13 questions by denoting a grade for the importance of each criterion in a linguistic term, as it is shown in column 2 of Table 2 . Opinions of users U 1 , U 2 and U 3 on the importance of the criteria are presented in columns of Table 6 entitled with the label "Users". These opinions are assigned to corresponding IFNs by using the relationships between values in column 2 and values in column 3 of Table 2 . The IFWA operator was also used to calculate the weights of criteria by aggregating the opinions of the users. Let ) , , (
be the IFN assigned to criterion j (j = 1,2,…,n) by the k user (k =1,2,…,l). Then the weight of j can be calculated as follows:
Thus, a vector of criteria weights is obtained W = [w 1 ,w 2 ,…,w j ], where each weight w j is an IFN in the form [μ j , v j , π j ] (j = 1,2,…,n). In the case problem, substituting in eq. (3) the weights of three users (λ U1 = 0.406, λ U2 = 0.238, λ U3 = 0.356) and using IFNs which correspond to linguistic values of Table 6 yielded the criteria weights shown in the columns of the same table entitled with the label "Weights".
Step 4: Compose the aggregated weighted intuitionistic fuzzy decision matrix. In this step, the aggregated weighted intuitionistic fuzzy decision (AWIFDM) matrix ' R is composed by considering the aggregated intuitionistic fuzzy decision matrix (i.e., table R produced in step 2) and the vector of the criteria weights (i.e., table W produced in step 3).
Step 4 is necessary to synthesize the ratings of both decision makers and users. In particular, the elements of the AWIFDM can be calculated by using the multiplication operator of IFSs as follows:
R is an m x n matrix composed with elements IFNs in the form of 
In the case problem, substituting in eq. (4) the IFNs of R ), an excerpt from which is presented in Table 7 . For example, in Table 7 
In the case problem, B = {IGLM, IE, PP1, PP2, PP3, PC1, PC2, PC3, PT1, PT2, AC} and C = {PO, CC}. To obtain IFPIS and IFNIS, eq. (5) Step 6: Calculate the separation between the alternative PPMIS. Next, the separation measures * i S and  i S were calculated for each candidate system A i from IFPPIS and IFNIS, respectively. As a distance measure, the normalized Euclidean distance was adopted, since it has been proved to be a reliable distance measure that takes into account not only membership and non-membership but also the hesitation part of IFNs [29] . For each alternative these two separation values can be calculated as follows: By utilizing equations (6), the positive and negative separation for the five alternatives were calculated, shown in columns (1) and (2) 0.088 0.085 0.490
Step 7 Table 8 . The alternative PPMIS were ranked in a descending order of these scores as A 3 >A 4 >A 1 >A 5 >A 2 , from where it can be deduced that alternative A 3 is the most dominant PPMIS for the present case study. Step 8: Sensitivity analysis. Sensitivity analysis is concerned with "what-if" kind of scenarios to determine if the final answer is stable to changes (experiments) in the inputs, either judgments or weights of criteria. In the present case, sensitivity analysis was performed by examining the impact of criteria weights (i.e., the weights of users" requirements from a PPMIS) on the final ranking. Of special interest was to see if criteria weights" changes alter the order of the alternatives. 18 experiments were conducted in a similar way with the approach presented in [30] . The details of all experiments are shown in Table 9 , where w 1 , w 2 ,.., w 13 17 , where the highest weights were assigned, respectively, to criterion PP3 (project planning) and criterion PO (total price for purchasing/ownership). System A 2 had the highest score in exp. 6, where the highest weight was assigned to criterion PP1 (portfolio planning), while system A 4 had the highest score in exp. 13, where the highest value was assigned to the weight of PC3 (portfolio controlling).
It should be noted that in the presented approach we have used the IFNs proposed in [18] to represent the linguistic terms of Table 2 and Table 3 . Sensitivity analysis on the final ranking can be easily performed by changing these IFN values. In addition, further generalization of the approach requires the use of a parameterised form of the hesitation degree. This can be performed in two ways: i) by following a PositiveConfidence or a Negative-Confidence approach [17] , and ii) by utilizing intervalvalued intutionistic fuzzy numbers [19] . We have plans to investigate these two solutions in a future research.
Conclusions
The paper presented, through a real case study, an approach that applied a groupbased multi criteria decision making (MCDM) method for the evaluation and final selection of an appropriate Project and Portfolio Management Information System (PPMIS). The approach utilized a method that jointly synthesizes intuitionistic fuzzy sets and TOPSIS [18] . The benefit from this combination in a PPMIS selection is twofold: First, the selection approach actively involves decision makers and PPMIS users in the decision making process and aggregates their opinions to support agreement upon the final selection. Second, the approach considers that they both express their judgments under inherent uncertainty. More significantly, the approach handles adequately the degree of indeterminacy that characterizes decision makers and users in their evaluations. This is very important when an organization needs to decide upon the selection of any new, multi-functional information system, as in our case is a suitable PPMIS, since decision makers often cannot have full knowledge of the extend that each candidate system will support the user requirements. System users, on the other hand, can be unfamiliar with the processes supported by the required system, and thus, they cannot judge with certainty the importance of their needs.
The presented approach not only validated the method, as it was originally defined in [18] , in a new application field that is the evaluation of PPMIS (where other application examples of MCDM methods are rather limited in the literature), but also considered a more extensive list of benefit and cost oriented criteria, suitable for PPMIS selection. In addition, final results were verified by applying sensitivity analysis. We should mention that the method underlying computations are not transparent to the problem stakeholders which utilise linguistic terms to state evaluations/preferences. Actually, we implemented the method in a spreadsheet program that helps to effectively and practically apply the method with a variety of inputs.
The study raises several issues that could spark further research. For example, an interesting idea could be to validate the approach applicability in addressing the selection of other types of software packages. We are now investigating the selection of e-learning management systems for the case organization (i.e., the Hellenic Open University). In addition, treating more with uncertainties would further strengthen the proposed approach in deriving more precise results. Therefore, we have plans to examine more powerful models in the same domain, such as the interval-valued intutionistic fuzzy sets [19] , [20] .
